Volatile compounds and flavor characteristics of Uzun, Kirmizi, Halebi, Siirt ve Ohadi varieties of fresh pistachio nuts cultivated in the Pistachionut Research Institute located in Gaziantep, Turkey were investigated by using Solid Phase Micro Extraction/Gas Chromatography/Mass Spectroscopy (SPME/GC/MS) and sensory flavor profile analysis techniques. Major volatile compounds of the fresh pistachio nuts were detected as α-pinene (15.53-48.57%), α-terpinolene (1.66-23.06%), limonene (3.15-30.04%), and β-myrcene  (3.50-8.95%), respectively. Sensory flavor profile analysis (FPA) techniques demonstrated  the common descriptors for fresh pistachio nuts as fresh hazelnut, fresh walnut, fresh apricot  kernel, pine, wet wood, green, sour, sweet, bitter, astringent, milky, and oily. 
INTRODUCTION
Pistachio nut (Pistacia vera L.) which is also expressed as "gold tree," "green gold," or "king of fruits," and "fruit of the kings," is one of the popular tree nuts of the world and is widely cultivated in saline, dry, and hot areas of the Middle East, Mediterranean countries and the United States. [1] [2] [3] Iran, USA, Turkey, and Syria are the main countries that produce pistachio nuts. [4] Pistachio nut is widely consumed as a raw or roasted ingredient of many desserts, ice creams, cakes, pastries, and for the production of some sausages. [5] The major cultivars of pistachio nuts grown in Turkey are Uzun, Kirmizi, Siirt, Halebi, and Ohadi. Producers prefer Uzun and Kirmizi cultivars for the production of baklava and nut paste because of their special green kernel color, flavor, and texture. [6, 7] The chemical composition of pistachio nuts cultivated in Turkey was investigated by Yildiz et al. [8] and Kucukoner and Yurt. [9] Although the flavor of pistachio nuts has wide appeal, the only study concerning this subject was reported by Soliman et al. [10] on roasted pistachio nuts. In the mentioned study, the pistachio nuts obtained from the local market at Mosul, Iraq were roasted and the volatiles were isolated by vacuum carbon dioxide distillation of acetone extracts, separated into basic and neutral-acidic fractions, and analyzed by 320 KENDIRCI AND ONOGUR using GC/MS technique. 2-methyl pyrazine, 2,6-dimethyl pyrazine, 2,5-dimethy pyrazine, 2-ethyl-5-acetyl pyrazine, pyrrol, and 2-pentyl pyrrol were identified in the basic fraction of pistachio nuts, which had a strong nutty flavor, while ethanol, 2-hexenal, 2-methyl-2hexenal, acetic acid, 2-furfural, nonenal, 2-acetyl furan, 5-methyl furfural, furfuryl alcohol, 2-nonenal, trans-2,trans-4-decadienal were determined in neutral-acidic fraction with a sweet roasty flavor. The objective of our research was to characterize the flavor characteristics of fresh, dried, and roasted pistachio nut varieties cultivated in the Pistachio Nut Research Institute located in Gaziantep. Turkey, by using solid-phase microextraction/gas chromatography/mass spectroscopy (SPME/GC/MS) and descriptive flavor analysis techniques. This article involves the part of the study conducted by using fresh pistachio nut samples.
MATERIALS AND METHODS

Materials
Fresh pistachio nuts (Pistacia vera L.) from five different varieties (Uzun, Kirmizi, Siirt, Halebi, and Ohadi) were obtained from Pistachio Nut Research Institute in Gaziantep, Turkey, at the beginning of the harvest season in September 2005.
SPME Extraction of Volatiles
Solid-phase microextraction (SPME) procedure was performed by using a manual SPME device (Supelco, Bellefonte, PA, USA) and extractions were carried out by using a 50/30 µm DVB/Carboxen/PDMS stable-Flex fiber (Supelco 57328-U) as suggested in Abegaz et al. [11] and Krist et al. [12] Eight grams of dehulled and grounded sample were weighed into a screw top amber vial (Supelco, 27010-U) with black viton septa (Supelco, 27355), which was placed into a block heater (Stuart Scientific, SHT 10). SPME fiber was immersed to the headspace of the vial and the volatiles were collected for 60 min at 100 • C in a block heater, and the sample temperature was measured by using a thermocouple. It was observed that during the first 30 minutes of the extraction, the sample temperature reached 83 • C, and it remained at 83 ± 2 • C until the end of the analysis. After sampling, the SPME fiber was removed from the vial and introduced onto the GC injection port.
GC/MS Analysis
The volatiles were separated by using HP-5MS% 5 phenylmethylsiloxane column (30.0 m × 0.25 mm × 0.25 µm film thickness) that was attached to a Hewlett Packard Model HP-6890 gas chromatograph equipped with a HP 5973 Mass Selective detector. The operating conditions of the GC were as follows: injector temperature of 250 • C, splitless mode, carrier gas of helium (with an inlet flow rate of 1 ml). The temperature gradient used began at 50 • C for 5 min, then it was raised to 186 • C at 2 • C/min and held at this temperature for 10 min, then was raised to 250 • C at 2 • C/min and held at this temperature for 10 min. Mass spectra were generated at 70 eV. The mass spectrometer was scanned from 30 to 350 at 1 scan/s. Identification of the volatile compounds was achieved by comparing retention times with those in the MS library (NIST and WILEY). 
Sensory Flavor Profile Analysis
Sensory flavor profile analysis [13] was applied by attendance of eight panelists from the Food Engineering Department of Ege University. The panelists, who were previously tested for their sensitivity to major tastes and odors, were trained on the flavor profile technique by using reference foods and flavor compounds (Table 1 ) for a period of two months. Dehulled fresh pistachio nut samples were given to the panelists in porcelain dishes, and a round table discussion was conducted. The intensity of each character was evaluated on a 0-5 cm unstructured scale. [14] Panelists evaluated three different samples per session, with two sessions per day and two sessions per week.
Statistical Analysis
SPME-GC/MS and descriptive flavor profile analysis were performed in triplicate for each pistachio nut variety. Differences between the five varieties investigated in this study according to the common volatiles detected by GC/MS and common descriptors identified by flavor profile analysis were evaluated by ANOVA and Duncan Multiple Test (p < 0.05) by using evaluation version of SPSS 15.0 (Lead Tech., Inc.). Cluster Analysis and Principle Component Analysis (PCA) were performed by using evaluation version of XLSTAT 2007 (Addinsoft) for determining the relationship among pistachio nuts by considering common volatiles and flavor characters.
RESULTS AND DISCUSSION
Forty-One (Uzun), 22 (Kirmizi), 21 (Halebi), 14 (Siirt), and 22 (Ohadi) volatiles were isolated in fresh pistachio samples ( Table 2) . It can be observed that the volatiles of fresh pistachio nuts were mainly composed of pinenes (39.11-86.61%) and aldehydes (1.54-4.79%). 9-octadecanoic acid (Z) was detected only in Uzun (32%), Kirmizi (7.9%), and Halebi (0.56%) varieties. α,4-bis [(trimethylsilyl)oxyl]-benzeneacetic acid, trimethylsilyl ester, which was detected in Uzun (0.18%), and Kirmizi (1.32%), and octamethyl cyclotetrasiloxane, which was detected in Uzun (0.43%) variety can be artifacts of SPME. [15] However, these substances were not observed when SPME injection was applied as blind test without sample extraction. The fact that these volatiles were detected only in Uzun and Kirmizi varieties may indicate that they are contaminants from pesticides used during cultivation of the nuts or from environmental pollution.
The common volatiles of fresh pistachio nuts were determined as 1-methyl-1Hpyrrole (powerful, smoky, woody, herbal), α-pinene (pine-like, resinous), β-myrcene (musty, wet soil), β-phellandrene (peppery, minty), limonene (citrus-like, fresh), β-ocimene (herbacous, flowery, sweet, warm), α-terpinolene (citrus, pine), α-p-dimethyl styrene (citrus, pine), nonanal (piney, floral, citrusy, green), and 2-hexenal (E) (green, almond, rancid). Evaluating the common volatiles with ANOVA, significant differences among pistachio nut varieties were determined for all of the volatiles except β-ocimene and 2-hexenal (E) (p < 0.05). Duncan multiple test revealed that 1-methyl-1H-pyrrole was highest in Uzun and Siirt; α-terpinolene and α-p-dimethyl styrene were highest in Kirmizi; β-phellandrene and nonanal were highest in Halebi; limonene was highest in Siirt; and α-pinene was highest in Ohadi. β-myrcene was detected to be lowest in the Uzun variety, and there were no significant differences detected among the other varieties (p < 0.05).
The cluster diagram obtained with common volatiles of pistachio nut varieties is demonstrated on Fig. 1 . Two main clusters were formed; first one included Siirt and Ohadi varieties, while Kirmizi, Halebi, and Uzun varieties formed the second cluster. Principle Component Analysis (PCA) was also performed for evaluating the effects of the common volatiles on differentiation of pistachio nut varieties. 4 principle components were found to explain 42.70, 30.43, 17.11, and 9.77% of total variation, and by using the first two, biplot diagram was conducted (Fig. 2) . 1-methyl-1H-pyrrole and nonanal were observed as the corresponding volatiles for Uzun, while 1-methyl-1H-pyrrole was found to be important for Siirt and nonanal for Halebi. α-terpinolene and β-phellandrene were found as the corresponding volatiles for Kirmizi and Halebi; and limonene and 2-hexenal (E) for Siirt and Ohadi. β-myrcene and α-pinene were also detected as responsible volatiles for differentiation of Kirmizi and Ohadi from the other three varieties.
Sensory descriptors and intensity scores of fresh pistachio nut varieties are given in Table 3 , and flavor profile diagrams in Fig. 3 . Fresh hazelnut (2-octenal), fresh walnut (2-octenal), fresh apricot kernel (no reference), pine (α-pinene, α-terpinolene, isoborneol), wet wood (aromadendrene, α-longipinene, β-pinene, 1-methyl-1H-pyrrole), green (2-hexenal (E), 2-octenal, nonanal), sour (no reference), sweet (no reference), bitter (no reference), astringent (no reference), milky (no reference), and oily (9-octadecanoic acid (Z), 2-octenal, 9-octadecenal) descriptors were detected in all fresh pistachio nut varieties. Evaluating the common flavor descriptors with ANOVA, significant differences among pistachio nut varieties were determined for fresh hazelnut, wet wood, sweet, bitter, astringent, milky, and oily characters (p < 0.05). Duncan multiple test revealed that Uzun was the most oily, Ohadi the sweetest, Halebi the most bitter samples, and Siirt had the most intense fresh hazelnut character.
As it can be observed from Table 3 , citrus character (limonene, α-terpinene, α-terpinolene, nonanal, and α-p-dimethyl styrene) was sensed only in Uzun and Ohadi samples while Uzun sample involved this character at a significantly higher level than Ohadi (p < 0.05). Flat character was detected only in Siirt and Ohadi samples, and it was sensed to be significantly higher in the siirt sample.
The cluster diagram obtained with common flavor descriptors for pistachio nut varieties is demonstrated on Fig. 4 . Two main clusters were formed: the first one included Siirt and Ohadi varieties, while Kirmizi, Halebi and Uzun varieties formed the second cluster. Principle Component Analysis (PCA) was also performed for evaluating the effects of the common flavor descriptors on differentiation of pistachio nut varieties. Four principle components were found to explain 44.03, 24.52, 23.45, and 7.99% of total variation, and by using the first two, biplot diagram was conducted ( Fig. 5) . A sweet character was detected as the corresponding flavor descriptor for the Ohadi variety, while a green descriptor was found to be important for Kirmizi. Pine, bitter, astringent, and oily characters were found as corresponding flavor descriptors for Halebi and Uzun. Although sweet, fresh walnut, and fresh hazelnut characters were observed as effective for differentiation of Siirt variety, there is no distinct description for this variety. 
CONCLUSION
Volatiles of five different varieties of fresh pistachio nuts investigated in this research are mainly composed of terpenes, and among the terpenes, α-pinene (pine-like, resinous) was observed to be the major volatile seeming to have major contribution to fresh pistachio nut flavor. α-terpinolene (citrus, pine), limonene (citrus-like, fresh), β-myrcene (musty, wet soil), and α-p-dimethyl styrene (citrus, pine) were also detected in all samples at significantly (p < 0.05) high values. The most characteristic sensory flavor descriptors detected in the fresh pistachio varieties were fresh hazelnut, fresh walnut, fresh apricot kernel, pine, wet wood, green, sour, sweet, bitter, astringent, milky, and oily.
